The ALPS collaboration runs a light-shining-through-walls (LSW) experiment to search for photon oscillations into weakly interacting sub-eV particles (WISPs) inside of a superconducting HERA dipole magnet at the site of DESY.
Introduction
The standard model of elementary particles (SM) offers an accurate description of almost every phenomenon observed so far in particle physics. Despite this success, there are both theoretical and observational motivations to believe what the SM describes is just a small component of nature's complexity. From the theoretical side, the SM suers from naturalness, hierarchy and arbitrariness problems and, moreover, it does not describe gravity. From the observational viewpoint, cosmology and astrophysics claim that around 22% of the universe's energy density is made of a yet unidentied type of non-baryonic dark matter and 74% of a yet more mysterious dark energy.
Extensions of the SM usually introduce many new particles and symmetries that provide elegant solutions to our theoretical concerns and candidates for the dark sector.
Interestingly enough, these extensions often include much more particles than known today. On general grounds these particles could live in principle at any energy scale since new symmetries could protect their masses.
In particular nothing prohibits that light particles beyond the SM exist as long as they have no SM charges, i.e. as long as they populate a hidden sector. Actually these hidden sectors arise quite naturally in string theory, our current best candidate for a theory of quantum gravity, and they are required to break the hypothetical supersymmetry which would solve the hierarchy problem and might provide good dark matter candidates, the socalled WIMPs (for weakly interacting massive particles).
Low mass particles living in hidden sectors might still have very weak interactions with the SM elds through radiative corrections involving massive mediator particles or through gravity. We name these particles WISPs Let us notice that these WISPs can have a sizable impact on cosmology and astrophysics. Often not realized, they can be as good cold dark matter candidates as WIMPs despite having sub-eV masses, as it is the case for the axion [1] . Stellar evolution is often accelerated by the emission of WISPs [2, 3, 4, 5] , as it is by neutrinos, and photon-WISP interactions can modify the spectra of cosmic radiation [6, 7, 8, 9, 10, 11] . Indeed, WISPs could help in understanding a number of recent observations [11, 12, 13, 14, 15, 16, 17, 18] . Strong constraints on WISPs often arise from these eects [19] , but they are certainly model dependent [20, 21, 22, 23, 24] and they rely on our very imperfect knowledge of cosmology, stellar interiors or astrophysical environments.
In turn, these arguments suggest that the detection of a WISP in a laboratory experiment will deeply change our view of cosmology and astrophysics. In fact, neutrinos (the only SM WISP) were postulated and conrmed as subtle eects in laboratory experiments and nowadays they are essential ingredients in our understanding of cosmology (like in big bang nucleosynthesis or structure formation) and astrophysics (like in white dwarf cooling or supernova type-II explosions). Furthermore, WISPs have been recently shown to have interesting technological applications [25, 26] .
We nd that laboratory experiments at the low energy frontier [27] are therefore complementary to collider efforts in the search of an accurate description of nature.
A very spectacular eect of such WISPs takes place when we have a photon-WISP interaction vertex in our theory, a so-called mixing term. In this context, photons can convert into WISPs during their propagation, and the quantum amplitudes of these transitions at dierent points along the trajectory can add up coherently, enhancing the signal, or decreasing it if they add up out of phase. This phenomenon is known as quantum avor oscillations and has been observed in the context of the neutral kaon, B meson and neutrino systems.
There are several direct and indirect experimental approaches for WISP searches [5, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42] . Possibly, the cleanest way to search for photon-WISP oscillations is through so-called light-shining-through-walls (LSW) experiments [43, 44, 45] . In such experiments a laser beam is shone onto a thick wall where photons are stopped but WISPs produced in oscillations can traverse. By the inverse process, WISPs can re-oscillate into photons behind the wall and may be detected in a low background environment, see Since the number of photons regenerated after the wall is proportional to the ux in the oscillation region, it is crucial to get the highest possible laser powers. In this respect, it is extremely disappointing that photons in the oscillation region are lost when hitting the wall. To partially overcome this situation, in a pioneer LSW experiment [46, 47] a so-called optical delay line was set up which forced the light to travel on almost collinear paths γ γ WISP Figure 1 : Schematic overview of a light-shining-through-walls experiment. The gray blob indicates the mixing term between photons and the weakly interacting sub-eV particle (WISP).
for ≈ 200 times through the oscillation region, thus augmenting the eective laser power by a factor ≈ 100. This scheme suers however from two drawbacks. The rst is the necessity of a detector with a large sensitive area because the dierent beam paths must not overlap in order to avoid destructive interference. However, in general the dark noise of a detector for single photons grows with the size of its sensitive area. Thus it will increase with an increasing number of light passes in the delay line and by this deteriorating the signal to noise ratio of the detector. The second drawback is that delay lines with a much higher number of light passes than 200 are dicult to construct due to the growing complexity of the underlying geometrics.
These problems can be solved by the use of optical resonators. Since they are based on the superimposition of all the dierent equivalent roundtrips within the area of only one light path, the sensitive area of the detector can be kept very small resulting in low dark noise. On the other hand, long optical cavities with equivalent round trip numbers of several thousand are used by some large-scale experiments such that they boost up the power inside to levels of several tens of kW. Good examples of these are the laser interferometric gravitational wave detectors like GEO600 [48] or LIGO [49].
Due to this power enhancement eect optical cavities could be extremely useful in a LSW experiment where they would act as ampliers for the luminosity that is available from the laser source [50, 51] . However, such a set-up was never realized so far 2 . The main reason for that is the by far increased complexity of a cavity-enhanced LSWscheme. This complexity arises on the one hand from strict constraints on the experimental ambient conditions such as high cleanliness or large vacuum chambers [48, 49, 55] . On the other hand, in some important cases, a strong magnetic eld in the background of the oscillation region is required for oscillations to happen.
In this paper we report on the rst successful realization of such a cavity-enhanced LSW experiment, the Any-Light-Particle-Search (ALPS) experiment [56, 57] at DESY Hamburg. It utilizes a long optical resonator on the experiment's production side inside a superconducting HERA dipole. The resonator increases the eective 2 Cavities with excellent characteristics have been combined with strong magnetic elds in other types of WISP searches, like in the PVLAS [52, 53] The design and characterization of the optical cavity are described in Sec. 4 while in Sec. 5 we explain the process of data taking, review the performance of the optical resonator and the detector during the measurement run and present the results.
Photon conversion and the WISP Zoo
The equations of motion of the photon-WISP system as a function of length can be written as
where ω is the photon energy, ∆n = n − 1 with n the photon refraction index in the medium, m φ is the WISP mass and δ is the quantum mechanical amplitude of the γ → φ forward transition δ = φ|H int |γ .
The transition probability shows the characteristic oscillatory behavior as a function of the distance L
for visible light one usually has ∆n > 0 so one cannot match 2ω 2 ∆n + m 
π/2 the probability takes a simpler form
where the coherent enhancement in the interaction length L is evident. Lorentz invariance forbids γ → φ transitions when the WISP spin is dierent from 1, and has to be explicitly broken if we want to prove oscillations into spin-0 (or > 1)
particles. In the ALPS setup this is done by the inclusion of a strong magnetic eld B ext orthogonal to the propagation direction. In this case, photons polarized along the magnetic eld or perpendicular to it can (and will) behave dierently. They will have dierent ∆n and δ so their WISP oscillation probability will be generically dierent.
The rst WISPs to consider are axions and axion-likeparticles (ALPs). They are well motivated spin-0 particles that couple to two photons depending on their intrinsic parity via interaction terms in the Lagrangian such as
where g ± are dimensionful coupling constants, φ the ALP eld and E, B the electric and magnetic elds. In models where parity is non-conserved [58] [86] , although some models which evade astrophysics also overcome these problems [21, 24] Further WISP candidates are hidden photons (HPs) [43] .
They are gauge bosons of U(1) h symmetries of a hidden sector, which are ubiquitous in extensions of the standard model, e.g. [87, 88, 89, 90] . Gauge invariance allows HPs to have a Stückelberg mass [91, 92] and kinetic mixing with the standard photon [93, 94] 
with F µν (B µν ) the photon (HP) eld strength tensors and χ a dimensionless coupling ranging typically from ∼ 10
−23
to ∼ 10 −2 [95, 96, 97, 98] . Models with kinetic mixing have a wide range of phenomenological applications, e.g. [99, 100, 101, 102, 103, 104, 105, 106, 107, 108] .
As a nal example, hidden sector particles charged under U(1) h , get a non-zero electric charge through the kinetic mixing term [93] Q MCP = e h e χ ,
where e h is the gauge coupling of U (1) h and e the electron's charge. Other MCP model beyond this paradigm can be found in [109] . Since χ is usually very small we call them mini-charged particles (MCPs). Photons propagating in external magnetic elds will pair produce MCPs [40, 110] and MCP loops can produce photon→HP oscillations even if the HP mass is zero [111] .
The Feynman diagrams giving rise to photon-WISP mixing in these dierent models are shown in 
The ALPS experiment
The ALPS experiment as sketched in 
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Second harmonic generation
Our experiment uses a detector with a silicon CCD chip whose sensitivity is strongly peaked around the visible spectral region while it approaches zero for wavelengths above 1000 nm [116] . In the phenomenon of oscillations the regenerated light has the same characteristics as the laser beam in the WISP production vacuum tube [117] .
Therefore we convert the infrared laser light from 1064 nm to green 532 nm light exploiting the nonlinear eect of second harmonic generation [118, 119] 
(SHG).
As the nonlinear material we use PPKTP (periodically poled KTiOPO 4 ) which shows high conversion eciencies due to its high intrinsic non-linearity. It is fabricated from a ux-grown KTP crystal by reorientation of its optical axis in periods of approximately 9 µm length by strong electrical poling leading to a much greater conversion efciency and an easier phasematching condition than for conventional SHG crystals [119] . The crystal's dimensions are 1 mm × 2 mm × 2 cm and its nonlinearity was measured to be d eff ≈ 7.9 · 10 −12 m/V. It is placed inside an oven to stabilize its temperature at around 38
• C in order to maintain phasematching of the infrared and green (SHG)
waves. Two lenses (L1, L2, see With this single-pass SHG scheme a long-term stable output power of 800 mW at 532 nm is available behind D1 when the infrared beam is set to its maximum power level of 35 W.
In steady-state the transversal shape of the green beam acquires a slightly doughnut-like form, probably due to nonlinear absorption processes inside the crystal at high intensities [120] . This slight deviation of the green beam shape from a pure Gaussian lowers the coupling eciency to the optical resonator to approximately 80% but does not inuence the LSW experiment in any other way.
To increase the SHG eciency we plan to change to a resonant second harmonic generation. This should increase the available green light power by approximately an order of magnitude.
Magnet
The production eciency of some types of WISPs depends strongly on the strength and length of the background magnetic eld (Sec. 2). The ALPS experiment at DESY uses a spare HERA dipole magnet [121] . More than 400 of these magnets are incorporated in the HERA proton storage ring, which operated from 1991 to end of June
2007.
A HERA dipole magnet has an outer length of 9.8 m and is operated at cryogenic temperatures of 4.2 K. At ALPS we operate the dipole at a 5.30 T magnetic eld.
Apart from a few quenches we did not encounter any difculties.
The bent magnet bore is shielded by an anti-cryostat allowing to perform experiments inside the magnet at room temperature. The temperature is stabilized by ushing
Nitrogen at a constant rate and temperature through the bore. As mentioned already in Sec. 3.1 the small clear aperture imposes special requirements on the laser's beam quality.
The direction of the magnetic eld is vertical. Henceforth, the polarization of the laser light inside the cavity will be measured with respect to this direction.
Detector and detection bench
The ALPS experiment uses a commercial astronomy CCD camera SBIG ST-402ME [116] as its detector for regenerated photons. It contains a Kodak KAF-0402ME
silicon CCD chip with 765 × 510 pixels of 9×9 µm In future experiments we plan to improve the signal to noise ratio by one order of magnitude by using a more sensitive camera and by reducing the signal spot size.
The ALPS cavity
The purpose of optical resonators (cavities) in the context of LSW experiments is to enlarge the light power in the WISP production region relative to the available primary laser power. Such an optical resonator acts therefore as an amplier for the luminosity of the whole experiment boosting its sensitivity. This is possible by coherent superposition of light elds that enter the resonator at dierent times corresponding to successive roundtrips. The ratio of the laser power inside the resonator traveling towards the regeneration tube, P → , to the power incident to the coupling mirror, P CM , is called power build-up PB.
Consider a linear resonator consisting of two mirrors spaced by a distance L fed by a laser of frequency ν. 
which in resonance gives
The errors of these approximations are negligible for all considerations that are made throughout this paper.
The derivative of eq. (9) with respect to T CM can be set to zero to nd the maximum power build-up with respect to input coupling. This maximum is achieved if the socalled impedance matching condition is fullled
Hence, the largest power build-up is obtained when the transmission of the input coupler T CM is chosen to be as close as possible to the sum of parasitic losses A and output coupling of the cavity T EM . Derivation of eq.(9) with respect to A or T EM shows that there is no maximum of PB max over these parameters clarifying that it is always best to keep parasitic losses and the output coupling as small as possible in order to maximize the power build-up. But, even when choosing the best optics available and assembling the cavity under as clean ambient conditions as possible, some parasitic losses will always remain. Hence, one normally has to guess A in advance during the design process of an optical resonator.
The transmission coecient of the input coupler can then be chosen to maximize PB max .
To realize the full possible power build-up in the cavity, the alignment, shape and resonance frequency of the resonator eigenmode must be exactly matched by the incident laser beam. These parameters are dened by the alignment and radii of curvature (ROC ) of the cavity mirrors and by the optical distance between them [123] .
Single mode continuous-wave lasers emit most of their power into the fundamental transversal mode TEM 00 . It is therefore most ecient to use spherical mirrors for the resonator such that the laser mode can be easily matched to the eigenmode of the cavity. However, every slight mismatch in beam shape or alignment causes some fraction of the incident power to overlap with higher order transversal eigenmodes of the cavity. In general, the higher order spatial modes have dierent resonance frequencies than the fundamental mode. Hence, this power fraction is not coherently enhanced when the fundamental mode is resonant. This eect is called mismodematching and it has to be minimized in order to maximize the intra-cavity power.
In turn, such a cavity with non-degenerated resonant frequencies has the positive eect of behaving like a mode lter for the production beam, which also restricts the beam of re-converted photons to exist only in the TEM 00 mode.
Such a beam can then be focused to smaller spot sizes than beams consisting of multiple higher order transversal modes, which is a key issue when maximizing the signal to background ratio in our CCD camera. The full theory on modestructures of laser beams and resonators can be found in several publications, for instance [122, 123, 124] .
Recall that, in addition to an optimized spatial overlap, the laser frequency has to match one resonance frequency ν res . Small uctuations of the cavity length ∆L induce correspondingly small relative changes of its resonance frequency given by ∆ν res /ν res = −∆L/L. To show how even tiny length changes degrade the power build-up, we solve eq. (8) for an absolute length change d that would cause a reduction to one half of its resonant value,
From this expression (and bearing in mind that we are interested in the smallest possible values of T CM +T EM +A to maximize the power build-up) it becomes clear that even length uctuations on scales much smaller than the laser wavelength will cause huge changes of the power build-up of the cavity.
A similar constraint for the necessary stability of the laser frequency can be deduced from equation (11) if one substitutes λ = c/ν and solves for the laser frequency ν at which the power build-up is reduced to half its peak value.
The distance between these two points on the frequency axis is called the full width at half maximum (FWHM) linewidth of the optical resonator and is given by
The laser frequency must be kept well within this FWHM linewidth to keep the power build-up near its peak value.
The ratio FSR/FWHM, which is a measure for the cavity's frequency selectivity, is usually called nesse.
In order to keep the power build-up stable, the dierence between the resonance frequency and the laser frequency can be minimized by a feed-back control system.
This can either actuate on the cavity length or on the laser frequency.
Once spatial modes and frequencies of the laser and the cavity are matched, the cavity will exhibit its full power build-up. This gain factor will remain fairly constant while scaling the incident power until it gets spoiled by thermal distortion or even by the destruction of the optics.
The power inside the cavity can be easily measured by monitoring the power transmitted through the end mirror, P EM since, under the outlined approximations
Design of optical resonator and stabilization
The design of the ALPS optical resonator was constrained by several aspects. First, the site at DESY does not allow for the use of two magnets in a row so the production and regeneration regions of our LSW experiment must be located inside the same magnet. This requires that one mirror of the cavity has to be placed in the middle of the HERA magnet. Second, the bent magnet bore has an cat's pupil-shaped clear inner aperture of only 28 mm height and 14 mm width (see [56] ).
A linear resonator comprised by two mirrors was realized. One mirror, CM, is held in place by a rigid and manually adjustable mirror mount on an optical table in front of the magnet and the other mirror, EM, is mounted near the middle of the magnet on a self-made small and nonmagnetic mirror holder attached to the end of the WISP production vacuum tube (see [57] ). The mirror holder for EM was designed such that it allows for remote alignment to compensate for alignment drifts. The distance between both mirrors is 8.6 m most of which is occupied by a vacuum tube with two anti-reectively coated windows (AR windows).
Several stable resonator designs that dier in the radii of curvature of the cavity mirrors are possible [122, 123] .
Our resonator uses a plano-concave design with one plane In order to get as close as possible to this theoretical value, an optimization of the spatial overlap of laser and resonator mode has to be performed. This can be done with the two beam shaping lenses L4 and L5, the two alignment mirrors AM1 and AM2 and with the two adjustable mounts of the cavity mirrors CM and EM (see Fig. 3 ). If the incident laser beam as well as the cavity mode are perfect Gaussian TEM 00 modes, then the combination of these actuators must be sucient to maximize the spatial overlap in all its degrees of freedom.
The experimental site at DESY is exposed to strong acoustic and vibrational inuences. These ambient conditions give rise to large and fast length uctuations of our cavity as well as signicant alignment uctuations with strong impact on the power build-up. In order to compensate these uctuations we constructed an electronic feedback control loop that actuates on the laser frequency.
The dierence between the laser frequency and the actual resonance frequency of the cavity is determined via a sideband modulation spectroscopy technique called Pound-Drever-Hall (PDH) readout scheme, with the help of a photodiode PD3 whose output is high-pass ltered [125, 126, 127] . The necessary phase modulation sidebands are generated by an electro-optic modulator (EOM) which is part of the laser system (see Sec. In Sec. 4.1 we expected PB max ≈ 43 from our cavity design. We measured this quantity by recording the power transmitted through EM and determining the intracavity power P → through eq. (13) in a dedicated setup. We achieve a power build-up of PB = 44 ± 2 which at rst glance seems to agree nicely with our expectations.
However, a fast scan of the laser frequency over more than one free spectral range reveals that ≈ 20 % of the incident power P CM is coupled to dierent higher order transversal modes. This value could not be reduced even by careful optimization of the spatial overlap between laser beam and cavity mode. Therefore it most likely originates from distortions of the incident beam shape to some nonGaussian intensity prole by the SHG and from alignment uctuations of the long cavity [124] . In order to compare our measurement of PB with the value of PB max obtained in the previous section one has to correct for the amount of P CM in higher order transversal modes. This correction for the mismodematching results in a measured power buildup in the TEM 00 mode of PB TEM 00 = 55 ± 3 (14) which is slightly higher than expected. and ∆ν with eqs. (9) and (12) : Power inside of the cavity, P→ = P EM /T EM , as function of the power fed into the cavity, P CM − P PD3 where P CM was kept equal to 0.8 W during the dierent measurements and P PD3 denotes the cavity's reected power as measured by PD3. The slope gives by denition PB TEM 00 .
the power reected by CM we performed a set of calibration measurements. Their results are used to monitor the power in the cavity during data taking. For the calibration we introduced manually dierent small misalignments of the laser direction and the cavity's eigenmode and measured the power leaking through the mirror EM and the PD3 signal while the cavity was locked. The results are shown in Fig. 9 . They show how the intra-cavity power P → is degraded by small misalignments and how this is tracked by the power reected by CM. The slope of this relation gives by denition the power build-up PB TEM00 . The agreement between this method and the value in eq. (14) demonstrates the overall consistency of our understanding of the cavity. 
Data taking and analysis
The data taking at the ALPS experiment proceeds in three steps. First, the regeneration tube is installed without the wall. The small fraction of laser light transmitted through the central mirror (EM) attached to the end of the production tube is used to align the detector bench.
In the second step, the detector tube is removed, the wall is attached, the detector tube is reinstalled and evacuated and data taking takes place. After a certain period (typically one week) the detector tube is removed again, the The traversing light is bent by the wedge shape of the mirror while the WISPs pass the mirror unaected. We used two methods to determine the angle of the wedge:
• The mirror is rotated and the diameter of the circular path of a distant beamspot is measured.
• The angular distance between the light passing through the mirror and the secondary reection from the uncoated backside of the mirror is measured. from WISPs. The CCD has a pixel size of 9 µm, hence the search region is to be shifted by one pixel relative to the beamspot used for alignment (in our case upwards). The analogous eects caused by the AR windows close to the EM (inside the cavity) and at the end of the detector vacuum tube were also tested. However, the resulting angles were found to be negligible. As a nal check the dark frame data set (recorded in the course of 24 days) used for the analysis shown below is divided into a rst and second half (104 frames each).
Mean and width of the distribution of the sum of the pixels in the signal region agree very well within statistics, so that no hint on systematic dierences is found. 
ALPS exemplary run
The data set used for this analysis consists of 25 CCD frames with an exposure of one hour each. These frames were selected out of 31 frames taken during one week.
Three frames, where a magnet quench occurred, are not taken into account for the data analysis. Another three frames are rejected, because the visual inspection of these frames shows hints for cosmic ray activity or radioactivity in the 25 by 25 pixel region around the position for the expected signal.
One hour long dark frames with the camera shutter closed were recorded to be compared with the data frames.
After cutting against cosmics and radioactivity as described above 208 frames remain for the analysis.
The cavity internal power during data taking is shown in Fig. 11 . We achieved
for the production of WISPs. The uncertainty originates from a conservative estimate of the systematic uncertainty of the calibration procedure, see Fig. 9 .
The linear polarization state of the eigenmode of the cavity during the data taking was measured (behind the mirror EM) to be 55 degrees with respect to the orientation of the magnetic eld. We have thus 67±10% of the laser photons with perpendicular polarization and 33±10% with parallel polarization, see Table 2 .
From the alignment test before data taking the central position of the search region was determined to be at the (276,391) pixel coordinates of the CCD, while the alignment test after data taking gave the position (275,392).
The dierence by ±1 pixels matches our experience for the re-positioning accuracy derived from numerous tests before. The distribution of the ADU sums in the search region is presented in Fig. 12 for both data and dark frame sets. Each frame is corrected for the pedestal uctuation (see above) and gives one entry. Table 2 : Eective laser power relevant to the search for WISPs.
Parallel, perpendicular and independent denote the orientation of the laser light polarization with respect to the magnetic eld direction.
It is obvious that there is no hint for any signal in the data frames: mean and width of both distributions agree very well within statistics. Also searching for a signal at other positions (see Fig. 13 ) does not reveal any signicant excess. Hence we do not observe any evidence for WISP production.
To derive upper limits for the WISP induced photon ux from our data we have to consider the quantum efciency of the camera (0.6±0.1), the electron/ADU conversion factor of the camera (1.46±0.05) and the fraction of the signal contained in the search region (0.75±0.15).
This gives a ux limit of 28 mHz at 95% C.L. (see Table 3) using the method of [129] . Taking into account the eective ux of incoming photons from Table 2 one arrives at the conversion probabilities in Table 4 . The results are shown in Fig. 14 and in Table 5 . 2.6±14.6 8±48 (2±13) mHz 28 mHz Table 3 : The dierence of the average of the sums of ADU values of data and dark frames in the search region is shown in the rst column.
No signicant excess is observed. The result is used to determine a 95% C.L. ux limit for photons from re-converted WISPs.
Conclusions
The ALPS collaboration runs a light-shining-throughwalls (LSW) experiment to search for photon oscillations into weakly interacting sub-eV particles (WISPs) inside of a superconducting HERA dipole magnet at the site of DESY.
In this paper we have described and characterized our apparatus and demonstrated the data analysis procedures.
Our main result is the rst successful integration of a largescale optical resonator into a complete LSW experiment.
This resonator serves as an amplier for the photon ux in the production region of the experiment and thus boosts the experiment's sensitivity. [99, 100] , GammeV [101, 102] , LIPSS [103, 104] and OSQAR [105] The results of a more recent OSQAR publication [106] cannot be compared due to a different interpretation. In all cases we present the bounds with 95% C.L. In the hidden photon parameter space we have also plotted the regions excluded from tests of the Coulomb law [107, 108] , distortions of the cosmic microwave background and late formation of a hidden photon microwave background [10] , and emission of hidden photons from the Sun [4] . Similar exclusion bounds for the case of ALPs and MCPs are review for instance in [2, 15] . Sec. 2 for details and references. As a comparison we show exclusion limits of previous LSW experiments: BFRT [47] , BMV [130, 131] , GammeV [132, 133] , LIPSS [134, 135] and OSQAR (preliminary) [136] . The results of a more recent OSQAR publication [137] cannot be compared due to a dierent interpretation. In all cases we present the bounds with 95% C.L. In the hidden photon parameter space we have also plotted the regions excluded from tests of the Coulomb law [138, 139] , distortions of the cosmic microwave background and late formation of a hidden photon microwave background [11] , and emission of hidden photons from the Sun [4] . Similar exclusion bounds for the case of ALPs and MCPs are review for instance in [2, 19] . Figure 15 : Summary of the relevant experimental parameters for the ALPS WISP search.
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